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[Au address delivered in Convention Hall, National Export Exposition, Fri- 
day, October 6th, at the Commemorative Meeting of the Chemieat Section, 
on tile Occasion of the Seventy-fifth Anniversary Exercises of the Frank- 
lin Institute.] 

The cheerful ly opt imist ic  spirit which, fortunately,  pre- 
vails everywhere  and  always among the masses of the peo- 
ple, easily and na tura l ly  leads to the conclusion tha t  the 
present age is the golden age. Of all t imes in the history 
of the world, N O W  is the most  important .  Never so much 
wisdom as now ; never  so much wit  and courage and beauty 
as now ; never  so m a n y  th ings  tha t  make life wortla living 
as now. So it was one hundred  and two hundred  years 
ago and so i t  will be one hundred  and two hundred  years 
hence, for the  de l ight fu l  disposition to accept things as 
they are, and not  only  to accept bu t  to approve and admire, 
is a large and impor tan t  e lement  in tha t  wonderful  resili- 
ence which enables the h u m a n  race to smile at discourage- 
ment and defy disaster.  Moreover, it is a logical acceptance 
of evolution ; an unconscious recognit ion of a development 
from worse to better ,  on the whole, s teady and persistent. 

But when one makes even a superficial examinat ion of 
the centuries tha t  have  preceded our own, no twi ths tand ing  
the meager  knowledge  we possess of some of them, i t  is im- 
mediately evident  tha t  such a view of exis t ing conditions 
has not always been sound. It  is at once seen tha t  the prog- 
ress of the race has  not always been s teady;  tha t  i t  has 
sometimes and for considerable periods inclined towards 
the worse, r a the r  t h a n  the better, and tha t  certain centuries 
stand in marked contrast  wi th  others when measure is taken 
of the intel lectual  g rowth  and material  development  by 
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which mankind has been most profoundly affected. I t  is 
this fact  which gives one whose life has been wholly  in t he  
n ineteenth  century courage to declare that  the  cycle of years  
now coming to an end is enormously more signif icant  in i ts  
determinat ion of the relation of men to each other  and to 
the universe in which they  live, than any tt lat  have gone  
before. Indeed, it is bu t  conserw~tism to declare tha t  t h e  
n ineteenth  century, along certain lines of development ,  es- 
pecially those relat ing to the physical  condit ion of man ,  
mus t  be credited with achievements  beyond those of all 
past time. A r g u m e n t  in support of this proposit ion h a s  
become almost commonplace, and a brief reference to a few 
of the more str iking i l lustrat ions will be sufficient, as i t  
may also be necessary, to create a jus t  appreciat ion of some  
contributions to this  splendid evolut ion which will p re sen t ly  
be considered. 

One of the most notable t ransformat ions  wrough t  d u r i n g  
the century  is found in improved locomotion, inc luding  t h e  
t ransfer  of goods. We  do not know who invented  t h e  
wheeled vehicle. I t  was probably in use in prehis tor ic  
times. Nor do we know who first t amed  the beasts, t h u s  
subs t i tu t ing  the muscular  energy of animals  for tha t  o f  
men. But we do know tha t  from tha t  remote period to t h e  
end of the first quar ter  of the n ine teen th  century,  n o t h i n g  
essential ly ,aezu in the way of locomotion on land was in- 
vented. The  coach in which George W a s h i n g t o n  rode dif- 
fered only in details of construction from tha t  chariot  i n t o  
which Joseph stepped, " arrayed in vestures of fine l inen,"  
and its motive power was the same. We do not know w h o  
first spread a sail to catch the power of the wind for propel- 
l ing a boat, but  we do know that ,  previous to the n i n e t e e n t h  
century,  no ship was ever driven otherwise. I t  is doub t fu l  
if the  speed of t ravel l ing on land and  sea was ma te r i a l ly  
greater  in I799 than  a thousand  years earlier, a l though  im- 
proved roadways and larger vessels lessened the cost pe r  
ton mile of freight.  How star t l ing is the contras t  of these  
methods  of locomotion, the total resul t  of th i r ty  or fo r ty  
centuries of effort, with the accompl ishments  of the l a s t  
three-quarters  of the n ineteenth  century.  But  far m o r e  
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amazing is the revolut ion which has taken place wi th in  the  
same period, in the me thods  of conveying intell igence from 
point to point. The  te legraph and telephone could hardly  
have been conceived by even the most  imagina t ive  of those 
whose day preceded ours, and their  influence upon the social 
and material condi t ions  of men  is yet  far from its max imum.  
One of the most  p regnan t  discoveries of all t ime was the  
art of controll ing fire. The  use of flint and steel for its: 
production, which comes to us from the remote past, was  
still general dur ing  the first quar ter  of the century  and 
many people are now l iving who were accustomed in their  
youth to "borrow fi "e from thei r  neighbors ,  in the absence Of' 
any means of c rea t ing  it. T h e  artificial l ight  of the ear ly  
part of the century  was produced by methods  not essen- 
tially different from those in use for thousands  of years, 
the first real advance being the improved d raugh t  of the 
Argand burner. The  c lo th ing  worn by our revolut ionary  
forefathers was general ly  woven on hand  looms and the  
parts were st i tched toge the r  by hand,  the whole process of 
production not differ ing mate r ia l ly  from that  of the " c o a t  
of many colors." Dur ing  the  earl ier  years of the  present  
century, the harvest  was ga the red  jus t  as it  was in the days 
of Ruth, and the several processes by which grain  was con- 
verted into bread had al tered li t t le in thousands  of years. 

All of these are ma t t e r s  with which everybody is con- 
cerned, for food, clothing,  fire, l igh t  and the means of bring- 
ing supply and demand  toge ther  may  be said to cons t i tu te  
the minimum requi rements  of h u m a n  existence. In all of 
them the marvellous work of the n ine teenth  cen tury  over- 
shadows that  of all t h a t  have gone before. 

One-of the most  impor{ant  and suggest ive books of re- 
cent publication is en t i t led  " "I'he Wonderf t l l  Century,"  by 
Mr. Alfred Russell  Wallace,  the d is t inguished English 
~mturalist, who shares with Darwin the honor of conceiv- 
ing one of the two most  notable general izat ions of modern 
science. In this work Mr. Wallace a t tempts  an es t imate  
of the value of the ach i evemen t s  of the n ine teen th  century  
as compared with those of all the centuries tha t  have pre- 
ceded it. In his s u m m a r y  he includes great  invent ions  
VOL. CXLIX. NO. 889 . 4 
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and discoveries  in both  pure  or theoret ical  and appl ied sci- 
ence. In all he enumera t e s  thirty-nine, of which twenty-  
four  are to be credi ted to the  present  cen tu ry  and fifteen to 
all previous  time. Whi le  in the specific select ion of these  
epoeh-makin K events  there  is much room for difference of 
opinion, there  cannot  fail to be a general  ag reemen t  as to 
the  ne t  result .  The  n ine teen th  is t ruly the  " wonder fu l  
century,"  and wha teve r  the  twen t i e th  or the twenty-f irs t  or 
the  twenty-second may  br ing  forth, this verdict  is not  l ikely 
to be reversed.  

In rev iewing  the ach ievements  of this cen tury  it is 
found, further ,  tha t  by  far the  larges t  par t  Of this indust r ia l  
and social revolut ion has been enacted  dur ing  the pas t  sev- 
enty-five years, tha t  is, dur ing  the life of the Frankl in  Insti- 
tu te ,  the seventy-fifth ann iversa ry  Of the found ing  of which 
{s now be ing  celebrated.  T h a t  it may  jus t ly  exhibi t  pr ide 
it1 its long and i l lustr ious career  no one will deny, for its 
ac t iv i ty  dur ing  this memorab l e  period has con t r ibu ted  in 
no small  degree  to the  large share which  our  count ry  has 
had in the makin K of modern  civilization. 

My own duty  on this most  in te res t ing  occasion, as as- 
s igned to me by  the Commi t t ee  of Ar rangements ,  is the pres- 
enta t ion of a sketch of the progress  of the  science of physics  
dur ing  the period covered by  the life of the  Ins t i tu te .  The  
difficulty of the  task which  I have under t aken  will be ap- 
precia ted  when I r emind  you of the fact  tha t  it is to dis- 
coveries in physical  science and their  appl icat ion in inven- 
tion and construct ion,  tha t  we owe by  far the  larger  share 
of wha t  goes to make  this per iod un ique  in history.  Indeed,  
it would  be  a task t i t terly imposs ib le  in the t ime to which  I 
mus t  res t r ic t  mysel f  if I were to a t t emp t  any th ing  like a 
general  t r ea tmen t  of the  ~ubject .  Even  a l imi ta t ion  to a 
review of the  cont r ibu t ions  of Amer ican  physic is ts  to the  
progress  of the science dur ing  this period would  sti]l con- 
s t i tu te  a per formanee  imposs ib le  under  reasonable  condi- 
tions. I am compelled,  therefore,  to confine mysel f  to wha t  
will be  the meres t  out l ine  of the work of a compara t ive ly  
small  n u m b e r  of those  eminen t  men, l iving and dead, who 
have conferred honor  upon thei r  count ry  by  their  splendid 
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contr ibut ions to phys ica l  science. I ask your  indulgence 
and sympa thy  in a t t e m p t i n g  wha t  cannot  fail to be  an ut- 
terly inadequate  su rvey  of it large field, and I wish espe- 
cially to emphas ize  the fact tha t  I make no pretense of 
thoroughness  or of even enumera t ing  all of those who 
would be jus t ly  ent i t led  to ment ion in any other  than a 
hasty sketch. 

Natural  science in the n ineteenth  century  may boast  of 
two great  general izat ions,  of the conception and proof of 
two great  laws or fundamenta l  principles, against  which 
tile past  might  pu t  tile es tab l i shment  of the Copernican 
theory of the solar sys tem and the discovery and proof of 
the law of universal  gravi ta t ion.  One of them has been 
proved by observat ion,  the  o ther  by experiment.  The lat- 
ter is the pr inciple  of the  Conservation of Energy,  which 
has been found an unerr ing guide in physical  research. 
Wi th  the early h is tory  of this principle a count ryman of 
ours had much  to do. To  an American,  yet  not  an Ameri- 
can, Count Rumford ,  is general ly  given the credit  of being 
the first to fully realize and to dist inct ly announce the t rue 
character  of hea t  as a form of energy. Driven from his 
home in New England  by the  cruel and now believed to 
be absolute ly  unfounded  suspicions of his neighbors,  he-left 
his country  only to re turn as her  enemy, and while we have 
for a century  profited by his s t tbsequent  generosi ty,  we can- 
not fairly pu t  his bril l iant career as a scientific man to the 
credit side of our account.  Barring Rumford ' s  share in the  
principle of the Conservat ion of Energy, which is every.  
where admit ted  to be  large, it cannot be  claimed tha t  
American physic is ts  con t r ibu ted  largely to its establish.  
ment, at least  not  directly. 

But  in tha t  domain of physical  science comprehended by 
the term R a d i a n t  Energy,  the  contr ibut ions of American 
scholars dur ing  the pas t  seventy-five years have been of 
first rank. A m o n g  the earl iest  workers  in this field, and in 
many respects  the  most  eminent,  was Dr. John Wil l iam 
Draper, and it is an in teres t ing fact that  his first seientifie 
papers were publ i shed  in the /ournal of the Fran/elin [nsli., 
tute. Althougl~ an Engl i shman by  birth, Draper  was a 
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loyal Amer ican  from tile t ime he took up his residence in 
this country~ at the a,~e~ of 2I years. Whi le  an undergrad-  
uate in the Medical College of the Univers i ty  of Penns_yL 
r a n i s  he began to display remarkable  talent  for original 
research, and his first paper " On the Nature  of Capillary 
Att ract ion " was publ ished in the ./OztrJz~/ of the Tnstitute 
in t834. In I835 , before receiving his degree, he publ ished 
in the same journal  his first paper on liKht,, being an ac- 
count  of exper iments  to de te rmine  whe the r  or not it exhib- 
ited any magne t ic  properties. Durin K h i s l o n g l i f e o f t h r e e -  
score and ten years he w a s a  most  indust r ious  inves t iga tor  
and voluminous writer, but  his most impor tan t  work in pure  
science had  to do with light. In this he ant ic ipated  m a n y  
of the  results  of later  researches, a l though  due credit  has  
not always been given him. K[e was one of the first to ex- 
amine  the influence of l ight  in producing chemical  changes  
and was among  the  pioneers in the science and ar t  of pho- 
tography.  The  first photographic  picture from life w a s  
made  by him, the face of his sitter, who was his own sis ter ,  
" b e i n  K dus ted  with a white  powder." On a br ight  day  a 
picture was secured in five to seven minutes .  He a l so  
made  the first photograph  of the moon. As early as rg34 
he had a t tempted ,  but  w i thou t  success, to photograph  t h e  
fixed lines of the solar spectrum, and in I837 he began a 
notable series of researches on the na ture  of rays of l igh t  i n  
the spectrum, and with the splendid discovery of spectrun~ 
analysis his name mus t  a lways t)e associated. In the cou r se  
of t h i s  inves t iga t ion  he ant ic ipated several of the f u n d a -  
menta l  discoveries of Kirchhoff ,  made public by  him in a 
celebrated memoir  th i r teen years la ter  than  tha t  of Drape r .  
His paper, " O n  the Product ion of L igh t  by Heat ,"  w a s  
pr inted in the tUliloso2/zica! Mag~a~z~e for May, t847 , and  i n  
it he declared tha t  he had  established,  exper imental ly ,  t h e  
fol lowing impor t an t  facts:  

All solids and probably all l iquids become i n c a n d e s c e n t  
at the same tempera ture .  

The  rays emi t ted  by solids from common t e m p e r a t u r e s  
up to near ly  979 ° F. are invisible;  at  tha t  t empera ture  t h e y  
are red, and the heat  of the incandescing body being m a d e  
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continuously to increase, o ther  rays are added,  increas ing 
in refragibi l i ty as the  t empera tu re  rises. 

Whi ls t  the addi t ion of rays  so much the more  refragible 
as the tempera ture  is h igher  is taking place, there is an 
augmenta t ion  in the  in tens i ty  of those a l ready existing. 

The spect rum of an incandescent  solid is cont inuous;  
it contains ne i ther  b r igh t  nor dark lines. 

These proport ions  are a lmost  identical wi th  those pub- 
lished by Kirchhoff  in I86o, and upon which the spec t rum 
analysis is founded.  Had  Draper  made no o ther  contribu- 
tions to physics, his memoir  of I847 would have enti t led him 
to high rank. But, in addition, he was the first to discover  
that in the ul tra  viole t  pa r t  of the  solar spec t rum there are 
absorption bands  similar  to the  Fraunhofer  lines of the  
visible spectrum. H e  s tudied  the  chemicalef fec ts  of the dif- 
ferent port ions of the  spectrum,  the dis t r ibut ion of heat in 
the diffraction spectrum; the action of l ight  on the growth  of 
plants, and made  many  other  researches which  cannot  even 
be ment ioned here. He sugges ted ,  as a s tandard  of photome- 
try for white light, a piece of p la t inum foil of given area and 
thickness, hea ted  to incandescence  by an electric eurrent  of 
specified strength,  thus, in fact, ant ic ipat ing the incandescent  
electric lamp of Edison, and in a general  way many proposed 
photometr{c s tandards  of later  date. Dr. Draper 's  tremen- 
dous intel lectual  ac t iv i ty  was displayed in many  fields and he  
is perhaps more  widely known as the au thor  of historical and 
controversial  works than as a physicist .  His " His to ry  of the  
Intellectual Deve lopmen t  of Europe" is quo ted  with that  of 
Buckle, and his " H i s to ry  of the Conflict Between Rel igion 
and Science" has passed through more than a score of 
editions in English,  has been t ranslated into nearly every 
known tongue,  and was honored  by a place in the  " Index 
Expurgatorius ,"  a long wi th  Galileo, Copernicus and Kepler.  

Ahnos t  con temporaneous  with Draper  was Lewis M. 
Rutherfurd,  whose  scientific researches were  also most ly 
made in the city of New York. Mr. R u t h e r f u r d  devoted  
much time and energy  to the deve lopment  of celestial  
photography,  bes ides  making  impor tant  contr ibut ions  to 
our knowledge of the solar spectrum. H e  cons t ruc ted  a 
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spectroscope with six large bisulphide of carbon prisms, 
using many ingenious  devices for overcoming the many 
difficulties which the making  of an ins t rument  of such 
dimensions involved. A m o n g  these was the now well- 
known ar rangement  for ad jus tmen t  of the prism to tlne posi. 
tion of min imum deviation for rays of different refragibil i ty.  
The application of the photographic  camera to this  instru- 
ment resulted in a magnif icent  map of the solar spectrum, 
especially of tha t  part  extending from F to tI, which was 
for a long time unequalled.  I t is  experience in the produc- 
tion of this  photograph led h im to undertake tlnc making of 
a diffraction g.rating, with which he believed he could obtain 
more sat isfactory results. The  grat ings with which the 
memorab]e researches of ]?raunhofer had been made were 
of fine wire, vary ing  in d iameter  from about  one-twenty- 
fifth to about two-thirds of a millimeter.  The gra t ing  
space distances he tween the center of the adjacent  wires 
ranged from somewhat  more than one-twentieth to seven- 
tenths of amil l imeter .  Wi th  ins t ruments  so crude as these, 
Fraunhofer  had measured the wave length  of a few of the 
most prominent  spectrum lines wi th  an accuracy which 
must eot~lmand our h ighest  admiration, bu t  he had prac- 
tically exhausted the possibilit ies of a wire grat ing.  Nobert  
had devised a method  of ru l ing fine lines upon glass, bu t  
his secret was careful ly guarded.  Al though  capable of 
ruling lines very close together ,  the inequal i ty  of spacing 
which they  almost invar iably exhibited great ly  lessened 
their value for optical researches. As early as ,863 Ruth-  
erfurd at tacked this problem and with sucln success that, as 
a result of his own efforts, supplemented as they have been 
by the later work of Rowland,  American diffraction 
gratings have been, and are to-day, incomparably superior  
to those made elsewhere. In Rnther fu rd ' s  f i r s t ' ru l ing  
machine the movement  of the plate upon which the  l ines 
were ruled was accomplished by a system of levers, bu t  a 
screw was soon subs t i tu ted  for this, on the suggest ion of 
Professor Rood. Wi th  the new machine gra t ings  were 
ruled upon glass and also on spec t rum metal,  the most  per- 
fect examples being of the la t te r  type. A s m a n v a s , 7 , o o o  
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lines to the inch, the lines being nearly an inch and three- 
quarters in length,  were rulcd with a perfected machine and 
with a un i fo rmi ty  of spacing previously unheard  of. Indeed,  
the diffraction spec t rum was seen as it had never been seen 
before. Physicis ts  were now enabled to make accurate 
measures of wave length  wi th  even fa in t  sources of l ight,  
and were thus put hn possession of a new ins t rument  of re- 
search of great  value. 

In this connection, 'mention should be made of Mr. Chap- 
man, Rutherf l i rd ' s  skilful assistant ,  who contr ibuted much 
to the final t r iumph t)y his mechanical  i ngenu i ty  and pat ient  
industry. Ru the r f~ rd  was a member  of the National  Aca, 
demy of Sciences and other  scientific societies. He was 
extremely modest  and apparen t ly  indifferent  to public re- 
cog~ition, and as a result  his excellent work has not received 
that notice, e i ther  at  home or abroad, to which it is jus t ly  
entitled. 

No account  of the  cont r ibut ions  of American physicists  
to our knowledge of spec t rum analysis  would be complete 
wi thout  ment ion  of impor t an t  invest igat ions made by Dr. 
Wolcot t  Gibbs, now President  of the Nat ional  Academy of 
Sciences. A l though  a chemist  ra ther  than a physicist, Dr. 
Gibbs's researches have often led him into the domain of 
pure physics and his work has always been of the first 
rank. 

Ignor ing chronological  order, it will be most fitting to 
refer, at this point, to the admirable  invest igat ions in the 
field of optics by which Rowland  has contr ibuted to the re. 
nown of Amer ican  science. The  scientific importance of 
Ruther furd ' s  improved grat ings,  and the interesting results 
growing out of their  use, encouraged others to a t tempt  the 
construction of ru l ing engines which should be still more 
perfect, for even Ru the r fu rd ' s  best plates revealed certain 
irregulari t ies  in the spacing of lines, seriously interfering 
with their  h ighes t  usefulness.  'I'he interest ing problem 
was to devise a process by which a screw could be cut more 
uniform in pitch than  tha t  of the lathe on which the 
cut t ing  was done. Professor W. A. Rogers gave much 
time and ingenu i ty  to the solution of this  problem and had 
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devised a method for con'ecting the errors of the lathe screw, 
by moving the cu t t ing  tool in a de terminate  manner .  The 
solution was not ent i re ly  satisfactory, however, and when 
Rowhmd attacked the prob]em of making a perfect screw, 
he practically ignored all a t tempts  to correct or alh>w for 
the errors o[ the lathe gmide. Briefly, his solution, which 
was wonderfully complete,  amounts  to saying that  a screw 
must first be cut as perfect as possible on the best lathe at- 
tainable and then it mus t  be freed from errors by gr inding 
in a long, reversible nut  by which all sensible inequali t ies 
maybe eliminated. ~{aving prepared a screw in this manner,  
Rowland mounted it in a dividing or rul ing engine and be- 
gan to rule diffraction grat ings.  Great  care was taken to 
shield the plate and machine  from temperature  changes or 
accidental dis turbances dur ing  the process of rul ing,  and it 
is but just tosay tha t  the results  were far superior to any- 
thing that had been previously accomplished. Moreover, 
Rowland hit  upon the happy  idea of rul ing on a concave 
rettecting surface, so t ha t  the use of lenses m i g h t  be dis- 
pensed with. He has enlarged the dimensions of these 
gratings and improved their  qual i ty  to an extent  no one had 
thought  possible, and he has devised special forms of ap- 
paratus by which they  may  be used in pho tograph ing  spec- 
tra. ]~te has himself  completed a most extensive series of 
photographic maps of the whole solar spectrum, on a scale 
enormously greater  than any a t tempted  before he made 
this special field his own. His gra t ings  and photographic  
methods in the hands  of other observers have been the 
means of adding great ly  to our knowledge, not  only of the 
solar spectrum, but  of the  spectra of the elements,  stellar 
spectra, etc., and it may  jus t ly  be said that  no more import- 
ant contribution to spect rum analysis has been made  any- 
where during the past  twenty-five years. 

In the determinat ion of one of the most impor tan t  opti- 
cal constants, the velocity of light, it is universally conceded 
that  American physicis ts  have reached the h ighes t  degree 
of precision. So swift  is the speed of l ight  tha t  it was long 
thought  to require no t ime  in t ravel l ing from point  to point. 
Galileo thought  it  m u s t  have a finite velocity and made 
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some exper iments  to determine if this were true, bu t  with- 
out success. In I676, R6mer,  a young  Danish astronomer,  
announced to the French A c a d e m y  of Science his discovery 
of the velocity of l ight ,  by observat ions of the eclipses of 
Jupiter 's satellites, and this  impor tan t  fact was confirmed 
not long after  by Bradley, the Engl ish  astronomer, in the 
discovery of " abe r r a t i on , "  which furnished a much more 
accurate value of the  velocity cons tant  than that  given by 
the Dane. For  a long t ime it was not though t  possible to 
m e a s u r e t h e  veloci ty of l ight ,  exceeding as it does 18o,ooo 
miles per second of time, by any  other than astronomical  
methods in which the space travelled over was sufficiently 
great to require a measurab le  period of time. In the  early 
part of this century,  however,  it  became very impor tan t  to 
devise a means of measu r ing  very small intervals of t ime 
with such accuracy as to make it  possible to determine the 
velocity of l igh t  t rave l l ing  over short  distances, and the 
skill of the ablest  physicis ts  was challenged to accomplish 
this result. The  difficulty of the problem will be understood 
when it is remembered  tha t  l igh t  will travel a mile in a 
little more than  one- two-hundred- thousandth  of a second, 
and if tha t  dis tance could be used as the base, for the result 
to be t rue wi thin  I per cent. it would be necessary to meas- 
ure t ime correctly to wi th in  one-twenty-mill ionth of a sec- 
ond. The impor tance  of the problem grew out  of the fact 
that the emission theory of light, as conceived by Newton,  
still, up to the middle  of this  century,  had many  adherents ,  
and an e.t~e~'imenlum crzlcis which would forever determine 
between tha t  and the wave theory was great ly  desired. 
This presented i tself  in the  relative velocity of l ight  in rare 
and dense media, in regard to which the two theories were 
diametrical ly opposed to each other. Everybody knows 
how Foucault ,  t ak ing  advantage  of an ingenious application 
of a swif t ly-revolving mirror used by Wheats tone ,  in an at- 
tempt to measure  the  velocity of electricity, completely set- 
tled the quest ion by a beau t i fu l  experiment  which he re* 
ported to the French Academy  on May 6, i85o. F ind ing  
the velocity less in water  than in air, the emission theory 
of l ight  was compelled to yield i ts  last foothold. But  there 
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\ve re  ii]alqy o{.hcr problems of great  interest  to be so]red by 
more accurate methods of measur ing tile velocity of l ight  
and many physicists a t tempted to improve upon Foucaul t ' s  
process. The most successful of all was Michelson, a grad- 
uate of the U. S. Naval Academy,  who so modified Fou- 
cau]t's apparatus :ts to insure an accttraev about  two hun- 
dred times as great. In conjunct ion with  Newcoml), Amer- 
ica's most d is t inguished astronomer,  he made a series of 
experiments which are everywhere accepted as the most  
refined determinat ions  of this impor tan t  constant.  Michel- 
son has since devoted most  of his energy and ta lent  to 
optical research, in every depar tment  of which he has met  
with signal success. In his ~nvention of the lnterfer- 
ometer he has furnished an ins t rument  for delicate research 
in l ight  t ransmission product ive of many very impor tan t  
results, in I892 he succeeded in making a very precise 
comparison of the wave-length of l ight  with the interna- 
tional prototype meter  at Paris, the uni t  of length  for the 
civilized world, and he has successful17 carried out other  re- 
searches in l ight too numerous  to ment ion here. 

Very important  contr ibut ions  to our knowledge of the 
solar spectrum have been made by Langley,  Secre tary  of the 
Smithsonian Inst i tut ion.  They were begun at the Al legheny  
Observatory, of which he was director, and have been con- 
tinued, being, indeed, still in progress at the Astro-physieal  
Observatory at Wash ing ton .  Lang ley  made an hnpor t an t  
modification of Siemens's  electric resistance thermometer ,  
adapting it to the most  refined problems of radiant  energy, 
and in his hands the Bolometer, as it is called, has thrown a 
flood of l ight  upon h i ther to  unexplored regions of the so]at ' 
spectrum. He has especially explored the infra.red region 
of the spectrum and has boon able to detect radiat ion of 
wave-lengths enormously  greater  than any lnitherto found. 
He has util ized the same device in an inves t igat ion of the 
temperature of the moon, and in the s tudy of sources of 
light apparent ly unaccompanied  by heat.  One of his most  
interesting researches has revealed the fact t ha t  the char. 
acter of sunl ight  is g rea t ly  modified hy absorpt ion in its 
passage through the ear th ' s  a tmosphere ,  and tha t  the  color 
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of the sun, if it could be seen unaffected by this absorption,  
would be a greenish-t)hte. 

"['he restr ic t ions of the occasion will not permit  of fur ther  
details of these  in te res t ing  inves t iga t ions  or of o ther  im- 
portant  cont r ibu t ions  to optics made  by Amer ican  physicists.  
I t  is impossible,  however ,  to omit  a brief  mention of the in- 
debtedness  of Amer i can  s tuden t s  of optics, and of scientific 
men th roughou t  the world, to the exquisi te  skill in the  pro- 
duction of optical appara tus  possessed by two or three 
Amer ican  artists. Pre-eminent  in this field have  been  the 
C[arks, father  and sons, now alas! dead, and Brashear, of 
Allegheny,  still in the  prime of a life which has been de- 
voted  to the mas te ry  of mechanica l  difficulties in the way 
of producing optical  surfaces of the  very  highest  accuracy. 
~I'he almost  unique posi t ion which  American physicis ts  oc- 
cup), to-day in the  domain of optical research is largely 
due to the delicate touch and brain-directed handicraf t  of 
these men. 

t~qually impor tan t  extensions  of our knowledge  of that  
form of rad ian t  energy  known as heat  have taken place 
during the last three-quar ters  of the century,  bu t  the con- 
tributio~as of Amer ican  phys ic i s t s  have not here  been so 
notable.  Much has been done, l{owever, wor thy  of mention, 
if only t ime permi t ted ,  and some record must  be made  of 
work in this field not  a l ready included in the invest igat ions  
of Draper,  Langley  and others. Rowland ' s  determinat ion of 
the mechanical  equ iwden t  of hea t  will always rank as a 
c lass ic .  Fol lowing the general  plan of Joule 's  famous  ex- 
per iment  he g rea t ly  improved  the apparatus,  g iv ing especial  
a t tent ion to the change  in the specific heat  of water  with 
vary ing  tempera ture ,  and the thermometr ic  par t  of the work 
was much more  precise than that  of Joule. The practical 
value of the resul t  was great, and the theoretical  even 
greater,  because  it has des t royed  certain discrepancies 
previous ly  exis t ing  among  values of this constant  obtained 
by  widely differing methods .  

If I had to do wi th  applied phYSiCS , there would  be much 
to say of the share of our cm~ntrymen in the wonderful  de- 
ve lopment  and improvemen t  of heat-engines and of the 
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enormously increased uti l izat ion of the energy of fuel, but 
this phase of the quest ion I must  not touch. 

In that depar tment  of physics of which but  little was 
known a h u n d r e d  years  ago--e lec t r ic i ty  and m a g n e t i s m - -  
our phih)sophers have been among the first. At the close 
of the last century our  most  bri l l iant  scholar and diplomat, 

p Benjamin t rankhn, was the world's most d is t inguished 
electrician. When  this ins t i tu t ion  which Bears his name 
was assuming form seventy-five years ago, one who was 
destined to be second only to him in renown as a s tudent  of 
electricity was jus t  Beginning a series of invest igat ions  
which added great  lus ter  to American science. Of the work 
of Joseph t t en ry  in electricity,  most of which was done while 
he was s t i r  a very y o u n g  man, at the Albany  Academy,  
may Be permit ted to quote  wha t  I have said in another  
place. His first impor tan t  work was the development  and 
perfecting of the electro-magnet.  Wi th  this now common- 
place But most  impor tan t  electrical device three names will 
always Be associated. Short ly  after the announcement  of 
Oersted's Brilliant discovery, which furnished the first con- 
necting link between electricity and magnet ism,  Arago had 
announced the in teres t ing  fact tha t  if rods of steel or iron 
were placed in a glass  tube around which a wire was coiled 
so that the adjacent  r ings did not  touch each other, they 
would become magnet ic  on the passage of a current  of 
electricity through the wire. Thus  Oersted's discovery, 
that  an electrical current  would bz2qzteizce a magnet ,  was sup- 
plemented by Arago's ,  that  it would also 2rodzlce a magnet .  
Three or four years later  another  notable step in advance 
was m a d e b y  Sturgeon,  in England,  who produced for the 
first time what  h a s  since been known as an "electro- 
magnet." He bent a Bar of soft iron into the shape of a 
horseshoe, thus  br ing ing  the  poles into the same plane for 
greater convenience ; and he dispensed with the  glass tube 
used by Arago, by va rn i sh ing  his iron core, thus  insu la t ing  
the coils of naked wire, which he Wound in a spiral about  it. 
But the most powerful  electro-magnets  made by Sturgeon 's  
method were insignif icant  compared with  what  Henry  was 
able to produce a few years later. Ins tead of varn ish ing  
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the iron core and us ing  naked wire, he insula ted  the copper 
wire itself by covering it wi th  silk, and this enabled him to 
coil the wire closely and to make two or more layers about  
the core. "['his had the effect of enormously increasing the 
s trength of the magne t s  produced, and Henry  at  once 
recognized the importance  of the discovery. But  he carried 
the invest igat ion much  further,  examining  into the relation 
of the bat tery  to the magne t ,  developing two forms of the 
latter, which he called " q u a n t i t y "  and " i n t e n s i t y "  magnets,  
and by. the aid of the la t ter  succeeded in making  visible 
and audible signals at  the end of a long line, which had been 
declared to be impossible by Barlow. 

He actual ly  set up in the  hall of the Albany  Academy a 
line more than  a mile in length,  through which signals 
were t r ansmi t t ed  wi thout  difficulty, and the principles in- 
volved were so well unders tood  by  Henry,  tha t  even t hen - -  
in 1832--he confident ly  declared tha t  t ransmission th rough  
any reasonable dis tance was possible. This  system was the 
germ of all modern te legraphy.  At  about  the same t ime its 
development in Europe  began;  but  at first and for many  
years all European sys tems were based on the phenomenon 
discovered by Oe r s t ed - - t he  deviat ion of a needle on the 
passage of an electric current  th rough  a conductor near  and 
parallel to it. \Vhile Henry  was exhibi t ing his perfectly 
conceived and well-executed scheme for electric transmis- 
sion to vis i t ing fr iends,  Baron Schilling, a Russ ian  Coun- 
cillor of State, set up a model of his proposed eleetrie tele- 
graph Before the Emperors  Alexander  and Nicholas, the first 
of the many " needle " sys tems which prevailed in .Europe 
for many  years, but  which were finally driven out by the 
superior merits  of the Amer ican  system. Sehil l ing's  tele- 
graph required th i r ty .s ix  needles for its operation, besides a 
complicated device for an audible signal to a t t rae t  the at- 
tention of the operator.  

In connection wi th  his s tudy  of magnets,  H e n r y  also de- 
vised wha t  is now genera l ly  known as a " re lay ,"  which is 
an a r rangement  by means  of which an electro-magnet 
operated by one current  is made to close the  circuit  of an- 
other bat tery,  thus  enabl ing  a feeble magnet,  requir ing only 
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a f e c b l e c u r r c n t ,  to s c t i n t o  operation anoth~r at any  point  
in the circuit. Thus  he had evolved all tile e s sen t i a l s  of a 
complete telegraph system, lacking only mechanical  deta i ls  
which eqginecr in~ skill and ingenui ty  might  eas i ly  h a v e  
supplied. 

l [ ad  l Ienry  bcen less a lovcr of pure scicuce, or had  his 
commercial  inst inct  been more highly deve loped ,  the  
Albany  Academy mile of wire would h:tve g r o w n  in to  the  
telegraph system of Amci'ica, instead ()f 17urnishing, as it 
unques t ionably  did ten years  later, the principle upon which  
that sys tem was foumled, it h'ts required a go(~d many  
ye;trs to dispel certain illusions concerning the e lec t r i c  tele- 
graph to which Amcric; tns were inclined to cling, b u t  it is 
now tolerably well l<nown among intell igent people  t h a t  the 
first commercial ly  successful  electric telegraph line was  :tot 
erected in this collrttr)'; that  the telegraph cgtn in no sense  
be called an Amer ican  inventhm, a l though the  A m e r i c a n  

'system has proved to be so superior that  it has  l ong  ago 
practically superseded  all others;  and that by  far t he  h r g e r  
share of the credit  for the success of this sys tem is due  to 
Joseph Henry  for his discovery of the scientific p r inc ip les  
upon which that  success  depended.  

In the mean t ime  I tcnry  was engaged in fur ther  r e s e a r c h e s  
of the  very h ighes t  importance.  He  sough t  to use  the  

• power fu l  magnets  which he was now able to c o n s t r u c t  in 
the solution of a p rob lem which had thus  far  baff led the 
efforts of the  ablest  electricians in Europe.  H a v i n g  suc- 
ceeded beyond all others in p:'o&:c/:tg, m a g n e t i s m  b y  ~si~eg" 
eA'glre'city, he hoped to be able to successfully a t t a c k  the  in- 
verse problem, the  ~Ora&:ction of  elect~'ici O, fro,m "::eag':zctAwe. 
All physic is ts  bel ieved that  this must  be possible ,  b u t  no 
one had hit upon the method  of doing it. Cur ious ly  enoltgh, 
another great experimental philosopher, also a young man, 
had set for himself the same problem and worked persist- 
ently upon it dur ing the month  of August, ~831. D u r i n g  
the same month  H e n r y  began a carefully p l anned  ser ies  of 
experiments, which unfortunately, owing to his d u t i e s  in the  
Academy, he was obliged to give up, not being able to re- 
turn to them for nearly a year. Entirely ignorant of Henry's 
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plans, l~'araday, on the 3oth of Augus t ,  I83 t - -a  memorable  
day in thc~ his tory of e l ec t r i c i ty - -made  the capital discovery 
of [n~h~ctiol4 on which  pract ical ly all modern electrical de- 
velopment  is based. Ent i re ly  ignorant  of what  Fa raday  
had done, Henry  again took up the subjec t  and had the good 
fortune to discover  the ident ical  phenomenon in another 
aspect, in which it is known as scl/-e)tJztctio,.  In the more 
recent adwmces  in applied electricity, self-induction has 
come to b e a  ma t t e r  of pr imary importance,  and t ime has 
served only to magni fy  the  value of Henry ' s  discovery. 
Learning of Varadav's  exper iments ,  he was led, through their 
verification, to discover  induct ion by induced currents, con- 
cerning which he made  a most  in teres t ing and valuable in- 
vestigation. Of his many  other  important  discoveries in 
electricity there  is one tha t  must  not be passed without  
mention, i t  was tha t  the discharge of a Leyden jar was 
oscillatory in character ,  in which he ant ic ipated Helmholtz  
and Lord Kelvin  in the recogni t ion of a phenomenon which 
has, within a very  few 3,ears, come to have a deep import. 
The present  e s t ima te  of the value of Henry ' s  work in 
electricity is ref lected in the fol lowing remarks, made not  
long ago by one of Eng land ' s  leading electricians : " At the 
head of this long line of i l lus t r ious  invest igators  s tand the 
names of Fa raday  and t tenry .  On the foundation-stones of 
truth laid down by them, all subsequen t  bui lders  have been 
content to rest  -x- .::. -::. .::- In them (the scientific wri t ings 
of H e n r y ) w e  have not  only the lucid explanat ions of the 
discoverer, bu t  the sugges t ions  and ideas of a most  pro- 
found and invent ive  mind, and which indicate  tha t  Henry  
had early touched  levels of discovery only jus t  recent ly be- 
coming fully worked."  

In the s tudy  of Ter res t r i a l  Magnet ism,  the great  work of 
Baehe, begun in Ph i lade lph ia  and cont inued wi th  impor tant  
extension in the  U n i t e d  Sta tes  Coast and Geodetic Survey, 
of which he was the most  f amous  super in tendent ,  is wor thy  
of the highest  praise. The  work  of Rowland  in electrici ty 
and magne t i sm has been of much  importance,  and especial  
mention mus t  be made  of his beaut i fu l  exper iment  in I876 , 
in which he showed  that  a magne t i c  needle was affected by  
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a rotary disk car ry ing  an electric charge, and also of his re- 
determingttion of the value of the ohm at a ]ater date. 

I t  is again difiienlt to resist the tempta t ion  to discuss the  
practical appl icat ions of electrical discoveries, for in th is  
field it may  jus t ly  be said that  otlr coun t rymen  have out- 
ranked all others. It wouhl be a pleasure to relate some- 
thing of the labors and successes of Wallace,  the pioneer  in 
the product ion of s trong currents  by the use of a d y n a m o ;  
of Brush, who first solved the problem of are l i gh t ing ;  of 
Edison, whose ingenious  inventions in duplex and mult i -  
plex te legraphy have been eclipsed by his creat ion of the  
incandescent  sys tem of electric l ight ing;  of Bell, whose  
beaut i ful ly  simple device for the electric t ransmission of hu- 
man speech start led the world in ~876 , and has since all b u t  
revolutionized the conduct  of the ordinary affairs of l i fe ;  
and of others who have contr ibuted dur ing the last  qua r t e r  
of a century  to put  the Uni ted  States far in advance of all  
other  countr ies  in the application of scientific discovery to  
the improvement  of the condition of mankind.  

In other  depar tments  of physics American scholars have  
also had their  share. In sound, important  researches were  
made by Henry,  and beaut i fu l  experimental  inves t iga t ions  
were carried out  by Mayer, leading" to impor tan t  results .  
In meteorology,  which is physics applied to the a tmosphere ,  
the names of Espy, Loomis,  Ferrel and Abbe are every- 
where known. The  work  of the Coast Survey in Terres-  
trial Physics,  inc luding  magnet ism and gravity,  is univer-  
sally admi t ted  to be of the first order. In the appl ica t ion  
of physics  to as t ronomy,  American scholars easily rank  wi th  
the h ighes t ;  but  into these and other regions i mus t  not 

go, however  much  drawn towards them, for, unsa t i s f ac to ry  
as my  sketch is to its author ,  it must be brought  to an end.  
[t has  been confined ent irely to work accomplished and  it  
has not  ven tu red  to suggest  what the new century  has i n  
store. Wi th in  the last ten years a new group, a h n o s t a n e w  
school of Amer ican  phys ids t s ,  h~ts made its appearance .  
lVith the e n t h n s i a s m a n d  vigor of youth,  prepared by t h e  
best of t ra in ing  under  the most favorable c i rcumstances ,  
g rea t  in number s  and strong in purpose tl~esc t w e n t i e t h  



Jan., ~9oo.] (/oJtlri~zlt/olzs o /  d~nericaJ~. P@sicists. 65 

cen tu ry  phi losophers  may  be t rus ted  to maintain the  "rank 
won by  thei r  i l lustr ious predecessors  and to add to thei r  
country ' s  renown by  the sp lendor  of the i r  achievements .  

But  it  ma y  be well to remind  them that  the problems  
which the n ine t een th  cen tu ry  passes on to the twent ie th  are 
not all re la ted to science, pure or applied. How to use is 
often as hnportaInt as how to produce.  In spite of the  
enormous increase in the produc t ion  of the necessities of 
life and the ex t r ao rd ina ry  dhn inu t ion  in the i r  cost, the i r  
acquisi t ion by the grea t  ma jo r i t y  of the race still means the  
exhaust ion of t h d r  ~,'~ti;:c stock of energy.  And this con- 
dition of things is t)~il~g still fu r the r  intensified by a s teadi ly  
increasing" proport.i(~u {~f idlc~', non-product ive  population,  an 
e lement  of both  \veal,c~u~'ss and danger  which modern civili- 
zation has tlnus far been lmable to throw off. For the  
avowed purpose of keep ing  the peace, the world becomes a 
vast mi l i ta ry  camp, and it is not  easy to decide w h e t h e r  
scielltific discovery has con t r ibu ted  most  to the prolonga- 
tion and b e t t e r m e n t  o£ h u m a n  life or to the construct ion of 
inTprove(t m a c h i n e r y  f{: r its destruct ion.  The  cost of a single 
steel-clad batt]eshi  t ) would estal)lish, equip and richly endow 
a universi ty ,  and the ext)endi ture  necessary to keep it in 
co~rimission wonht  auaintain an ins t i tu t ion for original re- 
search of such capaci ty  and proport ions that  its o u t p u t  
v,-ould be a never -ending  bless ing to all the people. Let  us 
hope tha t  among  the ,Kh,ries of the twent ie th  cen tury  may  
be the reeogni l ion of th~" incongru i ty  of a beneficence which 
seems to be forth(led upou the sen t imen t  " W h o m  we would 
help let  us first kill." 
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